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Abstract 1 
Specifically,  we  will  focus  on  the  concept  of  ‘green  exercise’  and  its  impact  on  mental  health  2 
and well-being. We suggest that the positive impact of the physical environment has been 3 
underestimated, and instead research interests have typically been concerned with 4 
ameliorating physiological health risks to athletes. It may be worthwhile to explore the 5 
positive impact of the environment in this setting given the abundance of stressors and 6 
challenges  to  athletes’  mental  health  in  the  elite  sport  context  that  are  the  subject  of  this  7 
research topic. We propose that research must tackle the topic of environmental quality when 8 
assessing the psychological benefits of green space on elite athlete health, well-being and 9 
performance. Future research will take a transdisciplinary approach to allow us to understand 10 
the implicit health effects of green and blue exercise in a range of environments.  11 
 12 
 13 
 14 
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Environmental influences on Elite Sport Athletes Well Being: From Gold, Silver and 16 
Bronze to Blue Green and Gold 17 
 18 
Introduction 19 
 There are currently less than 100 days to the XXXI Olympiad at Rio de Janeiro, 20 
where over 10,500 athletes will compete  in 42 different sports. This perspective article 21 
addresses some of the environmental challenges for athletes. We propose several potential 22 
avenues for future research on the salutogenic impact of the natural environment, an aspect 23 
that has been largely overlooked in the research literature. 24 
 25 
 The quadrennial competitive event has been readily accepted as an acute stressor for 26 
athletes. This comprises both competitive stressors (Schinke et al., 2012) and organizational 27 
stressors (Fletcher et al., 2012). Early research by Greenleaf et al. (2001) who interviewed 28 
US Olympians reported departing from normal routine, coach issues and injury were among 29 
the major factors that were perceived to have negatively influenced performance.  Among the 30 
positive performance factors were Olympic housing, and team unity. Athletes have been 31 
recommended  to  “fine  tune  their  mental  preparation  to  suit  the  special  demands  of  the  Games  32 
environment  to  minimize  the  stressors”  (Hodge,  2010,  p.  411).  More  recently,  constructs  such  33 
as resilience and adaptation have been explored to elucidate how athletes thrive with the 34 
competitive pressure (Fletcher and Sarkar, 2012; Schinke et al., 2012). While many variables 35 
beyond the individual athlete have been explored, including optimizing the role of sport 36 
psychologists consulting at the Olympic Games (Sarkar and Arnold, 2014), it is worth noting 37 
that  the  wider  ‘natural  environment’  in  which  sport  occurs  has  not  been  subject  to  the  same  38 
level of scientific scrutiny.  The effects of environmental pollution must now be considered a 39 
global concern among the scientific community for its impacts on human health, the 40 
environment and climate change. This research will reveal how environmental quality can not 41 
only potentially positively affect physiological health but also mental health and well-being 42 
in the elite athlete population. For instance, green exercise, the synergistic benefit in adopting 43 
physical activities whilst at the same time being directly exposed to nature (Pretty et al., 44 
2003), is worthy of further exploration. We propose a model where physical and 45 
psychological well-being (and better performance) are linked to green and blue environments 46 
and suggest that current developments in the Olympic context are in sharp contrast with this 47 
model. 48 
 49 
The Greenness of Rio de Janeiro 50 
  The sport venues for Rio 2016 Olympics have been subject to scrutiny because of the 51 
risks to competitors from environmental hazards. For instance, the degraded water quality of 52 
384 km2 Guanabara Bay (e.g., Olympic Sailing venue) has been attributed to anthropogenic 53 
impacts which have led to heavy eutrophication and the emergence of pathogenic 54 
microorganisms (Fistoral et al., 2015). Goals for the restoration of the bay that coincided with 55 
the Games (e.g., Rio 2016 Sustainability Plan) may not be met in advance of the September 56 
2016  deadline.  Tackling  pollution  here  is  not  “only  of  ecological,  social-cultural and aesthetic 57 
relevance,  but  is  also  a  public  health  issue”  (Fistoral  et  al.,  2015,  p.  14). 58 
 59 
 Air pollution is a societal concern and is interlinked with other environmental, social 60 
and political and economic systems and is the primary environmental cause of premature 61 
death in the EU (European Commission 2013). The most problematic pollutants have 62 
consistently been oxides of nitrogen (e.g. nitrogen dioxide; NO2), particulate matter (e.g., 63 
PM10, PM2.5 particles less than 10 micrometers diameter and less than 2.5 micrometers 64 
diameter) and ozone (O3), while polyaromatic hydrocarbons (PAHs) have been recently 65 
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identified as pollutants of concern (EEA, 2013).  Air quality is certainly of concern in Rio de 66 
Janeiro and this focuses on the presence of particulate matter (PM10; PM2.5). In a recent 67 
review of the evidence on the health impacts of air pollution the World Health Organisation 68 
(WHO) state that the previous causal link between PM2.5 and adverse health impact in earlier 69 
guidelines has been strengthened by recent evidence (WHO, 2013). Short and long term 70 
exposure to PM2.5 were noted to result in adverse health impacts, even where exposure was 71 
below the current recommended WHO annual limit of 10µg/m3. Such findings highlight the 72 
need for continued measures to reduce air pollution. In addition, this review of recent 73 
evidence also highlights the links between exposure to NO2 and mortality/morbidity and 74 
exposure is noted to be particularly elevated near roads as a result of traffic emissions (WHO, 75 
2013). 76 
 77 
 Rio does not escape the effects of degraded air quality. For instance, Sousa et al. 78 
(2012a) measured air quality at two separate sites in Rio de Janeiro on an hourly basis 79 
between 2000 and 2005. PM10 values at these sites were found to exceed EU annual mean 80 
limit value (40µg/m3) every year, on some occasions being over double the limit value. The 81 
authors attributed these high levels of observed PM10 primarily to traffic emissions. In the 82 
second part of their study Sousa et al. (2012b) showed that ambient air pollution levels in the 83 
city during the measured period were linked to hospital emission rates in children and elderly 84 
populations for respiratory issues. 85 
 86 
 The above findings are supported by Gioda et al. (2016) who analyzed data from 87 
1968 to 2013 (Gioda et al. 2016). They reported that total suspended particulates levels 88 
exceeded the annual mean Brazilian limit value of 80µg/m3 on every occasion and PM10 89 
levels were also found to be in breach of the annual mean Brazilian limit value of 50µg/m3 90 
and significantly above the WHO guidelines levels. While some reduction in PM10 was noted 91 
in certain areas, increases were also observed in other venues. For instance, PM10 levels at the 92 
Cidade de Deus  station on the West side of Rio where the Olympic park is situated were 93 
found to average over 90µg/m3 in the time period from 1998 to 2013. 94 
 95 
Environmental Concerns at Previous Olympic Venues 96 
 The focus on evaluating, managing and controlling environmental hazards for athletes 97 
is not a new issue. In 1968, the high altitude (>2,250m) of the XIX Olympiad in Mexico gave 98 
rise to investigations on the effect of lowered atmospheric pressure on running performance 99 
(Jokl et al., 1969). Four decades later at the 2008 Beijing Olympics this deleterious view of 100 
the natural environment still pervaded. The 2008 games were dominated by controversies 101 
over  air  pollution  as  Beijing  then  ranked  second  among  the  World’s  most  polluted cities 102 
according to Lippi et al. (2008). 103 
 104 
 While there remains little doubt as to the dangers associated with even low levels of 105 
pollutants, the question of  how these risks translate down to the individual elite performer 106 
and whether performance would be compromised has not be definitively answered. Lippi et 107 
al.  (2008)  addressed  these  issues  and  commented:  “although  the  athletes  who  will  be  108 
competing in Beijing are physiologically very different to the participants in most published 109 
studies, and it is therefore difficult to predict individual responses, there is little doubt that the 110 
presence  of  several  air  pollutants  might  be  detrimental  to  athletic  performance”  (p.  698).  111 
Similarly, McKenzie and Boulet (2008) noted that the performance of all athletes could be 112 
inhibited both psychologically and physiologically by poor air quality and moreover, that 113 
“the  risk  of  respiratory  problems  is  greatest  for  athletes  participating  in  outdoor  endurance  114 
events  at  sites  with  poor  air  quality”  (2008;;  p.  543). 115 
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 116 
 In 2004 the Beijing Olympic organizing committee BOCOG had set the following 117 
targets for the Olympic Games period: (1) that concentrations of SO2, NO2, and O3 should 118 
meet WHO guidelines; and (2) that particle concentrations should be comparable to levels in 119 
major cities in the developed countries. Attempts to model both PM2.5 and Ozone levels in 120 
Beijing using the Community Multiscale Air Quality (CMAQ) developed by the US 121 
Environmental Protection Agency (Byun and Ching, 1999) were undertaken. These conveyed 122 
that the regional transport of emissions from the neighbouring provinces was likely to 123 
undermine local attempts at mitigating pollution (Streets et al., 2008). These measures 124 
included  an  “odd-even  ban”  which  meant  that  private  vehicles  could  only  be  used  on  odd or 125 
even days depending on the last digit of their license plate (Schleicher et al., 2012). However, 126 
post-Olympic Games studies have provided support for the mitigation measures used to 127 
reduce particulate air pollution during the games period.  Schleicher et al. (2012) reported 128 
that particulate air pollution in Beijing decreased significantly during the Summer Olympic 129 
Games between the 8th and 24th of August when mitigation measures were strictly enforced. 130 
What is surprising however, is that the potential positive  impact of the natural environment 131 
has been largely overlooked in the context of elite athletic performance. 132 
 133 
Benefits of Exposure to the Green and Blue Environments 134 
 It is 15 years since researchers advocated that “we  need  to  act  on  emerging  evidence  135 
of  environmental  health  benefits”  (Frumkin,  2001,  p.239).  Since  the  term  biophilia  136 
hypothesis was coined in 1984, tentative evidence has emerged for the positive effects from 137 
human-environment interactions. Wilson (1984) proposed that we have an evolutionary 138 
preference for interactions with the natural world. Subsequent research has led to the 139 
emergence of new concepts including green exercise term and blue mind, a term that has 140 
been used to label the potential positive influence of the aquatic environment on wellbeing, 141 
attention and our health (Nichols, 2014). We emphasize that blue-green is not only healthier, 142 
in the biological sense, we propose that it increases well-being and all forms of health and 143 
performance, and this is a hypothesis that is testable. 144 
 145 
One challenge with these concepts is that the natural environment includes many different 146 
types of green space and blue spaces such as (e.g., urban parks) and a typology may be 147 
required to more accurately distinguish built versus organic environments. Individual 148 
preferences or nature relatedness may be the mediator of the positive effects of exposure to 149 
natural environments (Nisbet et al., 2009). Nevertheless, tentative evidence has emerged 150 
according to a recent systematic review. Thompson-Coon et al. (2011) reported, compared 151 
with exercising indoors, exercising in natural environments was linked with greater feelings 152 
of revitalization, positive engagement and enhanced mood. If supported consistently, it is 153 
plausible that these effects may have implications for well-being, mental health, exercise 154 
adherence and peak performance. Large scale studies using survey data and data on 155 
greenness from satellite images have indicated that green spaces are linked to better general 156 
and mental health (Triguero-Mas et al., 2015). Based on their analysis, they concluded that 157 
mechanisms other than physical activity and social support may explain the associations. A 158 
further explanation, the attention restoration theory, was investigated by Berman et al. (2012) 159 
who demonstrated that  walking in nature had both cognitive and affective benefits for 160 
depressed patients relative to walking in urban environments. It is clear that robust evidence 161 
for the mechanisms underlying the aforementioned benefits of contact with nature are not yet 162 
established (Kuo, 2015). 163 
 164 
Are we going in the right direction? 165 
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The 2020 Olympic games will take place in Tokyo, a megacity which Gurjar et al. (2008) 166 
gave a megacity air-pollution index (MPI) of -0.3 in their study based on total air pollution 167 
levels in megacities (negative MPI values tend towards a good air quality classification, 168 
whilst positive values tend towards poor air quality). For comparison the only megacity 169 
considered in the study that had an improved MPI was Osaka-Kobe with a ranking of 0.4. A 170 
follow on study (Gurjar et al. 2010) showed that the excess number of deaths in megacities 171 
was closely linked to total suspended particulates levels. Megacities include Osaka Kobe, 172 
Tokyo, and New York had a low number of excess mortality cases (60-500). Beijing in 173 
contrast, has an excess mortality rate of 11,500/yr. Rio ranks in between with an estimated 174 
excess mortality rate of 2,000/yr. London also has its own air quality issues which have been 175 
very topical in recent times as EU limit values are frequently breached in a number of 176 
regions. A study by Stedman (2004) highlighted the importance of considering air quality 177 
levels and climate as a whole and estimated that during a heat-wave in the UK when 178 
temperatures peaked at 38.5°C there were between 423 and 769 excess deaths in England and 179 
Wales due to elevated levels of ozone and PM10.  One would question therefore, in what 180 
environment an elite athlete would prefer to perform and whether they can be sure that they 181 
are not putting themselves at a higher risk than the rest of the population by exerting 182 
themselves to their maximum ability in their drive for sporting success? 183 
 184 
 Tokyo has the highest population of any city in the world at almost 43 million 185 
inhabitants and has a population density of 4,400 people per km2. While this population 186 
density is much lower than Mumbai (32,400/km), it remains significantly higher than US 187 
cities such as New York (1,800/km2) which have comparable MPI ratings. Sustaining such 188 
population density levels and retaining some degree of greenness is a challenge faced by 189 
many cities. Can a general alienation from nature be avoided and is it possible to retain the 190 
benefits of exercise in blue and green natural spaces for both the general population and elite 191 
athlete alike?  192 
 193 
 Forest bathing has become increasingly popular in Japan in recent years and 194 
preliminary evidence supporting its beneficial effects has emerged. Li (2010) suggested that a 195 
forest bathing trip (participants from Tokyo experienced a two night trip to a forest) showed 196 
that these  individuals maintained a better immune response than controls. The effects of 197 
exercise coupled with the forest environment has also been shown to have a positive effect on 198 
cardiovascular and metabolic parameters, lowering blood pressure (Li et al. 2011). 199 
 Perhaps this is the type of model that we need to follow and research should focus on 200 
quantifying the time needed in these green spaces to maintain a healthy state of mind. 201 
Implicit in this research would be a consideration of the urban density and pre-existing green 202 
spaces accessible to the population at large. The environmental quality of these green spaces 203 
must also be proportional to their positive health effects, and it must always be remembered 204 
that just because an area is green does not automatically imply environmental cleanliness. 205 
Future studies must take both factors into account when measuring physiological and 206 
psychological effects. Our preliminary hypothesis is that a green space with an environmental 207 
quality of superior quality to an otherwise comparable green space could result in better 208 
physical and psychological health and potentially better athletic performance.  209 
 210 
 For athletes spending time in the Olympic environment, questions must be asked 211 
regarding psychological well-being and whether exposure to green spaces facilitates athletes 212 
achieving achieve peak performances. And indeed, is there a minimum environmental quality 213 
that must be present before positive benefits of the environment are observed? De Wolfe et 214 
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al. (2011) investigated athletic performance across four locations and found a significant 215 
correlation between greenness and performance (R2=0.61).  216 
 217 
We’re  all  in  this  together 218 
 Bickerstaff and Walker (2001) concluded that community involvement approaches 219 
which draw upon local people in identifying the environmental issues that affect them and 220 
how they can be involved in designing and implementing policy and communication 221 
responses to the problems will lead to a greater sensitivity to local diversity. Encouraging 222 
society at large to become more active and also less polluting can, in the long term, lead to a 223 
cleaner, greener and happier society. De Hartog et al. (2010) concluded that the health 224 
benefits of a modal shift from driving to cycling were substantially larger than the risks and 225 
that aside from quantifiable and measureable effects, societal benefits are even larger. There 226 
is clearly a need for evidence-based research to promote the psychological health effects of a 227 
greener society and the provision and use of green and blue spaces for physical activity. It has 228 
been  four  decades  since  Craik,  in  a  review  of  environmental  psychology,  commented  that  “a  229 
broad thin, but rapidly expanding layer of empirical research underlies current knowledge in 230 
environmental psychology (1973, p. 429). New research with a transdisciplinary perspective 231 
is urgently required. 232 
 233 
Avenues for Future Research 234 
  Future research needs to include relevant environmental monitoring to quantify the 235 
greenness of the competition landscape from an environmental health perspective. There 236 
exists great disparity in the natural influences which pervade various sports. Pool swimming 237 
for example may be considered to take place in an entirely artificial environment with little 238 
potential for green influences. In contrast marathon swimmers are subjected to the natural 239 
environment albeit of varying quality. Research needs to assess if and how, the quality of 240 
these environments can affect athlete health, well-being and ultimately performance. 241 
Furthermore, by using samples of elite athletes it will be possible to assess attitudes towards 242 
the environment and subsequently devise the most appropriate and effective means of 243 
bringing green and blue spaces into sport. Such research will differentiate between sports that 244 
are ordinarily held in green/blue spaces and those which take place in highly artificial or 245 
hybrid artificial/natural environments. 246 
 247 
 We emphasise the importance at each step of considering environmental quality in 248 
pursuing these future research avenues. We suggest that the positive mental health benefits to 249 
athletes that can be gained from blue and green spaces relates not only to the visual 250 
appearance of these spaces but also the environmental characteristics that we may not be able 251 
to see such as air quality, water quality and biodiversity.     252 
 253 
Conclusions 254 
 Athletes competing at the Tokyo 2020 Olympics can potentially benefit from a more 255 
comprehensive understanding of the impact of activity in green and blue natural spaces on 256 
health and well-being. Green and blue may well be the new pathway to achievement not just 257 
on the individual level for mental health, nor simply on a societal level by increasing pro-258 
environmental behaviour but also by the continued greening of the Olympic movement in 259 
successive Olympiad. Perhaps the IOC should provide more weight to the environmental 260 
ethos of hosting cities when making their selections and indeed by doing so present athlete 261 
health and wellbeing as a key priority in the path to success. We propose a re-framing of the 262 
environment in the Olympic context, a perspective that goes beyond toxicity, and instead 263 
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accounts for the positive effect of the environment on health, well-being and athletic 264 
performance. 265 
 266 
 267 
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